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Variation in bird species diversity on
islands is related to island area in a simple
way. Correlations between numbers and
area have been found for birds of the West
Indies, East Indies, Madagascar and the
Comoro Islands (Preston, 1962), and for
a number of other archipelagos. In reality
of course the situation is more complex.
Area is often correlated with environmental
diversity, a complex collection of factors
which frequently exerts a more direct effect
on species diversity than area itself (Mac-
Arthur, 1964; Watson, 1964). It is likely
also that interactions with other species,
both in competition and predation, figure
predominantly (Crowell, 1962; Grant,
1966; Lack, 1969). And there are distance
effects on rates of immigration and extinc-
tion such that those islands that are isolated
tend to have fewer species than those near
a source of propagules (MacArthur and
Wilson, 1967).

There have been two basic approaches to
the study of variation of insular diversity.
One is to consider numbers of species as a
dependent variable and factors such as area,
habitat diversity, topography, and distance
from the nearest mainland or other islands
as independent variables, and by multiple
regression or similar analysis determine the
components which explain statistically most
of the variation in numbers. This has been
done for numbers of land and freshwater
bird species on various islands of the
Moluccas, Melanesia, Micronesia, and Poly-
nesia (MacArthur and Wilson, 1963), the
islands of the Aegean Sea (Watson, 1964),

! Present address: Museum of Natural History,
2559 Puesta del Sol Road, Santa Barbara, Cali-
fornia 93105.
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the Solomon Islands (Greenslade, 1968),
the islands of the East Indies, East-central
Pacific Ocean, and West Indies (Hamilton
et al., 1964), islands of the Gulf of Guinea
(Hamilton and Armstrong, 1965), and the
Hawaiian and Galapagos archipelagos
(Hamilton and Rubinoff, 1967). The other
approach is to test predictions from the
equilibrium theory of MacArthur and Wil-
son (1963, 1967) which accounts for num-
ber of species on a single island by balanc-
ing immigration rate with extinction rate
and considers factors such as area and iso-
lation that affect these rate functions. Al-
though the equilibrium theory provides a
realistic model that takes into account the
dynamic properties of an insular biota, the
need still exists to isolate specific factors
operating in different situations. It is
desirable therefore to continue to design
multiple regression models that are some-
what more refined when conditions permit
and that take into account new independent
variables when data are available. Multiple
regression, of course, can only demonstrate
statistical relationships, but from these one
hopes to interpret causal relationships as
well. Results from statistical procedures
such as this are naturally subject to some
data-dependent error and therefore require
knowledgeable interpretation, just as is
true with any analytical tool.

The present study is an analysis of num-
bers of land bird species breeding on islands
off the coast of southern California and
northwestern Baja California, Mexico (Fig.
1). The islands are situated along a rela-
tively extensive coastline and variation in
bird species numbers on coastal islands has
received little attention in the past. In
addition, one of the advantages of studying
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Map of the California Islands.

the California Islands is that they have
received the attention of a number of natu-
ralists in the last 100 years. Not only is the
bird fauna relatively well known, but so is
the flora, an obviously dominant component
of habitat diversity. A model in the form
of a path diagram is presented that relates
bird species diversity to plant species di-
versity and isolation as direct factors, and
area and latitude (representing changes in
rainfall) as indirect factors.

ORIGIN OF THE BIrD FAUNA

The geologic history of the California
Islands has been summarized by Thorne
(1969) and considerable recent information
is given in the papers of a symposium edited
by Philbrick (1967).
some 165 miles from Baja California, is the
only true oceanic island. It is volcanic in
origin and rises 15,000 feet from the sea
floor. The oldest lava flow is estimated at

Guadalupe Island,
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TABLE 1. Untransformed datal
Island B A E L P 11 12 13 14 I5 16 I7 18 19
San Miguel 10 14 830 340 190 26 3 2173 12 10 8 0.531 0.502 0485
Santa Rosa 22 84 1560 34.0 340 27 3 2024 12 8 7 0396 0.339 0.333
Santa Cruz 32 96 2470 340 420 20 5 193.1 12 8 7 0473 0446 0.440
Anacapa 16 1.1 930 340 70 13 13 1929 10 8 7 0.624 0.595 0.588
San Nicholas 10 14 830 340 190 26 3 1775 12 8 6 0902 0.832 0.819
Santa Barbara 13 10 635 334 40 38 24 1739 10 8 6 0.824 0.796 0.782
Santa Catalina 28 75 2125 333 392 20 20 162.6 13 8 6 0856 0.782 0.764
San Clemente 23 56 1965 329 235 49 21 156.5 12 8 6 0.881 0.830 0.813
Los Coronados 13 10 670 324 83 9 9 168.1 14 12 5 0.717 0.762 0.790
Todos Santos 14 0.5 315 318 72 3 3 173.6 14 13 7 0.547 0.536 0.496
San Martin 4 0.9 470 30.5 62 3.5 3.5 199.6 15 13 8 0.731 0.702 0.683
San Gerénimo 2 0.2 130 29.8 4 6 6 2210 15 14 8 0.815 0.795 0.749
Guadalupe 12 98 4600 29.0 163 165 165 2435 16 16 9 1.000 1.000 0.964
San Benito v 2.5 660 283 39 44 19 278.1 14 13 10 0.873 0.896 0.910
Cedros 12 134 3950 28.2 205 14 10 278.7 13 13 10 0.760 0.760 0.738
Natividad 5 2.8 490 279 42 5 5 3020 13 13 10 0.675 0.675 0.662
Mean 13.94 36.3 1414.4 31.72 159.2 29.3 19.5 208.80 12.9 10.8 7.5 0.7253 0.7030 0.6885
S.D. 8.50 46.1 1310.8 2.37 132.2 38.9 38.5 45.01 1.7 2.8 1.6 0.1719 0.1766 0.1762

! See text for explanation of variables.

about seven million years old. All of the
native bird species probably arrived over
water. The remaining islands are truly
coastal, appearing as the emergent tips of
mountain ridges that continue from the
continent. There have been various periods
of uplift, submergence, and continental and
inter-island connections dating from Creta-
ceous times. The latest connection between
the continent and the northern-most islands
—mnamely, San Miguel, Santa Rosa, Santa
Cruz, and Anacapa—was in the mid-
Pleistocene, perhaps half a million years
ago. By the Illinoian the connection was
severed. During the Iowan or lower Wis-
consin glacial stages from about 11,000 to
20,000 years ago, lowered sea levels likely
permitted inter-island but not island-main-
land connections. San Nicholas and Santa
Barbara islands were totally submerged
during the late Pleistocene. Connections
of San Clemente and Santa Catalina islands
with the mainland probably did not occur
during the Pleistocene. The islands off the
coast of Baja California, with the possible
exception of San Benito, were probably
connected to the peninsula during the low-
est sea level of the Wisconsin glacial stage.

Shortly after the Pleistocene there appears
to have been a marked xerothermic period.

Even though past connections suggest
that many of the bird species on the higher
islands could be Pleistocene relicts, dis-
tributional and morphological evidence sug-
gests that much of the avifauna arrived
over water in more recent times (Johnson,
1972). In addition, Diamond (1969) sug-
gests that turnover rates are high and that
16 to 60% of the avifauna on the islands
from Los Coronados northwards could have
arrived in the last 50 years. On the islands
north of Los Coronados only phenetically
distinct populations of the Scrub Jay
(Aphelocoma coerulescens), the Horned
Lark (Eremophila alpestris), and the
Orange-crowned Warbler (Vermivora ce-
lata) appear to be relicts. The avifauna of
Guadalupe Island appears to be older how-
ever as a number of phenetically distinct
populations occur there.

EXPLANATION OF VARIABLES (TABLE 1)

Numbers of bird species (B).—The
numbers of breeding or summer resident
species of land birds were obtained from
Grinnell and Miller (1944) for the islands
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TaBLE 2. Correlation coefficients between variables. Lower triangular matrix for untransformed data,

upper for log-transformed data

B A4 E L ' 11 2 13 14 I5 16 17 18 19

B 064 0.70 060 084 042 019 -049 047 -0.66 -048 -030 -034 -0.32
A 0.57 091 o012 085 061 025 005 -008 -031 007 -007 -0.14 -0.13
E 040 091 008 082 066 049 003 -0.12 -024 004 005 001 002
L 0.60 -0.06 -0.19 044 012 -0.28 -0.81 -0.64 -085 -0.79 041 -048 -047
P 086 0.75 053 048 041 0.03 -0.27 -0.25 -0.50 -0.24 -0.28 -0.34 -0.31
11 006 039 066 -0.19 0.10 068 001 -0.16 -0.24 -0.02 032 027 028
Iz -001 036 066 -030 0.00 0.96 0.08 0.12 017 008 064 064 0.65
I3 -051 014 020 0.82 —029 014 0.17 032 062 094 005 0.1 0.0
14 -041 006 017 -065 -022 030 042 0.31 083 037 029 034 031
I5 -0.66 -006 0.14 -085 -054 029 043 0.60 085 0.63 028 038 0.35
Is -049 017 025 -082 -027 0.18 021 095 038 0.64 004 008 0.06
I7  -030 -002 024 -040 -028 050 052 007 033 029 007 0.99 0.98
I8 -037 -005 024 -049 -037 050 054 015 039 041 014 0.98 1.00
19 -035 -007 022 -048 -036 048 051 015 037 038 0.12 097 099

*See text for explanation of variables. Coefficients in bold type are statistically significant at the

0.05 level.

not provide any important new information;
mixed models will therefore not be dis-
cussed further.

ANALYSIS

Correlations Among Variables

Correlation coefficients (#) among vari-
ables indicate simple inter-relationships
(Table 2). Number or bird species is sig-
nificantly correlated with island area, lati-
tude, and numbers of plant species. Thus,
islands that are larger, are more northerly,
and have a larger flora tend to support a
larger number of bird species. In addition,
there is a significant negative correlation
with /3 indicating a reduction in numbers
of bird species with increased isolation as
measured by average inter-island distance.
Likewise a negative 7 occurs with the com-
plement of number of islands or a mainland
point within 100 miles (Z5). For log data
only there is in addition a significant 7 with
elevation, indicating an increase in the log
of numbers of bird species with topographic
diversity as indicated by log elevation.

Number of plant species is significantly
correlated with area and elevation. Islands
that are larger and with greater topographic
diversity seem to support larger floras. In
addition, there is a significant negative 7

with 75, indicating, as with bird species, a
tendency for an increase in numbers with
an increase in the number of islands within
100 miles.

With regard to physical and geographic
characteristics of the California Islands we
find that larger islands rise to a greater
maximum elevation. Thus, the larger is-
lands tend to be topographically more di-
verse. The significant correlations between
elevation and /7 and /2 indicate that islands
with greater topographic relief also are
those that tend to be farthest from a near-
est neighbor. This relationship however is
largely dominated by Guadalupe which
rises well beyond most others and is by far
the most distant island. Considering cor-
relations with latitude, southerly islands
seem to have a greater average distance
from other islands (/3) and fewer islands
or no mainland point within 50, 100, and
200 miles (/4, I5, and 16). Again these
relationships are dominated by the condi-
tions for Guadalupe.

It is also of interest to look at the inter-
relationships among the various isolation
indices. 71 and /2 are logically correlated
in that 72, distance to mainland or nearest
intervening island, in half the cases con-
tains the same values in /1, distance to
mainland. 74, I5, and 76, complements of
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numbers of islands or a mainland point
within 50, 100, and 200 miles, are also cor-
related with one another because values for
the categories of lesser distance figure into
values for the categories of greater distance.
Indices 7, 18, and 19 are also highly inter-
correlated. This is logical again in that
values for the lower categories are figured
into the higher categories and, in addition,
contribute relatively more to the measure.
Owing to the fact we are taking reciprocals
of distances, the largest values will be those
where distance is less. Thus the sum of
reciprocals of distances of islands or a main-
land point within 50 miles will contribute
maximally, while reciprocals of distances
for 100 and 200 mile categories will con-
tribute proportionally less. This is re-
flected also in the correlations between /1
and /2 with 17, I8, and 9. Recall that the
former two indices consider distance to
mainland and distance to mainland or near-
est intervening island, and note that all but
one of these values is less than 50 miles.
Finally, /3 is correlated with /5 and 16
suggesting numbers of islands for the two
greater distances figure strongly in the
average distance measure of isolation.

Step-wise Regression Analysis

In order to isolate the components which
figure most strongly in predicting variation
in the numbers of land bird species (B)
occurring during the breeding season on the
California Islands, and correcting for cor-
relations among the various factors, step-
wise multiple regression analyses were car-
ried out with B as the dependent variable
and all other components as independent
variables. The step-wist procedure admits
independent variables into the regression
model according to the degree of variation
they explain in the dependent variable. For
this analysis the “best” multiple regression
equation will be taken as that which includes
the fewest statistically significant partial re-
gression coefficients and accounts for the
greatest amount of variation in the depen-
dent variable, i.e., has the highest multiple
correlation coefficient. In the results to fol-
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low, statistical significance of partial regres-
sion coefficients is indicated by asterisks:
*0.01 < p < 0.05, **0.001 < p < 0.01,
*#% p < 0.001. The percent of variation in
the dependent variable explained by the
simultaneous effect of independent vari-
ables in the regression equations is given
in parentheses for each case.

The best simple and multiple regressions
for numbers of bird species with untrans-
formed data are

B =5.14 4+ 0.055 P***  (73.8%)
B =17.03 + 0.050 P*** —0.053 13*
(81.0%)

With the admission of the next most impor-
tant independent variable (/4) the rela-
tionships begin to deteriorate; only one
partial regression coefficient remains sig-
nificant and the percent of explained vari-
ation in B increases by a trivial amount.
The equation is

B = 26.598 + 0.049 P*¥* —0.044 13 -
0.86114 (83.6%)

Two independent variables appear to pro-
vide a better solution than do three.

With log transformed data the best sim-
ple and multiple regressions are

log B =0.027 + 0.520 log P***
(70.5%)

log B =2.23 + 0.48 log P*** — 1.005
log I6* (78.4%)

When the variable that explains the next
greatest amount of variation in log B is ad-
mitted, again interpretation is made more
difficult and the overall relationship is not
substantially improved:

log B =4.82 + 0.45 log P*** — 0.76
log 16 — 1.16 log I4 (82.2%)

Thus the best regression models are those
with two independent variables and of these
untransformed data provide the best sta-
tistical account of variation in numbers of
bird species. The fact that /3 appears as
the second independent variable with un-
transformed data while /6 appears as the
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Fic. 2. Path diagram showing relationships among variables as indicated by step-wise multiple re-
gression analysis. Numbers of bird species are explained by numbers of plant species, degree of isola-
tion, and unknown factors. In turn, numbers of plant species are explained by island area, latitude,
and unknown factors. Coefficients associated with each path are explained in the text. For numbers
of plant species coefficients without parentheses are for untransformed data and values in parentheses

are for log transformed data.

second independent variable with log data
causes no special problem owing to the fact
that these two variables are highly corre-
lated (see Table 2) and likely measure very
similar aspects of insular isolation.

Island area has figured predominantly in
earlier work. However, in the present study
area by itself is a relatively poor predictor
of numbers. The results of simple regres-
sions are

B=10.11+0.114% (32.6%)
log B = 2.01 + 0.21 log A** (41.3%)

The log transformed model provides a
slightly better fit. One additional modifi-
cation bears mentioning, namely that with
deletion of numbers of plant species from
the analysis. The multivariate results are

B = 30.99 — 1.91 [5%¥%*k + 0.10 A**
(72.2%)

log B = -19.22 + 0.15 log E*** 4
5.24 log L*** (79.1%)

It is evident that numbers of plant spe-
cies is the single, most important predictor
of numbers of bird species. Consequently
it was of interest to delete B from the
model and treat P as the dependent vari-
able to determine those factors that statisti-
cally explain most of the variation in num-
bers of plant species. In this case the best
simple and multiple regressions are

P =81.54 + 2.14%%% 4 (55.7%)
P =-84439 4 2.22%%% 4 +
29.09%%% I (82.9%)

The next variable to enter the equation was
E, elevation, but the associated partial re-
gression coefficient is not quite statistically
significant (0.05 < p < 0.10):

P =—698.48 -+ 3.49 A*** 4 2524 L¥*
~005E (86.5%)

With log transformed data the results are

log P =3.73 + 0.45%**log A (71.8%)

log P = —14.74 + 0.42%%*k log A +
536%F L (83.5%)

log P =-14.74 + 0.49 log A*** +
5.50 log L** — 0.22 log 11
(85.9%)

It seems, therefore, that the log transformed
model with two independent variables pro-
vides the best prediction of plant species
diversity.

Path Diagram

From the foregoing we can see that is-
land area and latitude account primarily for
plant species numbers, while, in turn, plant
species numbers and a measure of isolation
account chiefly for numbers of bird species.
For both plants and birds there are un-
known factors that presumably will explain
residual variation. This leads to construc-
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tion of a simple path diagram (Fig. 2) and
an estimation of the relative contribution of
each independent variable toward explain-
ing numbers of plant and bird species.

The coefficient associated with each path
in Figure 2 is the proportion of the varia-
tion in the variable at the end of the path
(dependent variable) explained by the vari-
able at the beginning of the path (inde-
pendent variable) while holding constant
variation accounted for by other contribut-
ing variables. It is perhaps worthwhile to
consider the calculation of the path coef-
ficients in some detail. First, the standard
partial regression coefficients (b’;) are de-
termined from the ordinary partial regres-
sion coefficients (b;) by

b’i = bi (Si/Sy)

where s; is the standard deviation of the ith
independent variable and s, is the standard
deviation of the dependent variable. The
standard partial regression coefficient rep-
resents each variable in standardized form
(mean = 0, s = 1) and is thus independent
of the original units of measurement,
whereas the value of each ordinary partial
regression coefficient is not. For the mul-
tiple regression with numbers of bird spe-
cies as the dependent variable 4’P = 0.778
and 0’;; = 0.280. For numbers of plant
species 6’4 = 0.776 and &’;, = 0.522, and
for the log transformed data 6", 4+ = 0.805
and b’ . = 0.345.

In multiple regression analysis the mul-
tiple correlation coefficient (R, ;.. %) is
such that its square equals the proportion
of variation in the dependent variable that
is explained by the simultaneous effect of
the independent variables. In addition we
may write

2 =l
R~,,_1”.k—blr,,1+b'2r,,2+...+b';..r,,k

where 7,; is the correlation coefficient be-
tween the dependent variable and the ith
independent variable and &’; is the standard
partial regression coefficient as described
above. The residual variation, that is, vari-
ation in the dependent variable not ac-
counted for by the independent variables

D. M. POWER

or due to unknown factors and error, is
given by

72yu:1—R2y,1...k

Thus the complete equation appears as
1= b’l "1 + b’z Ty2 oyl e b’;.» Tyk + 7’21/,,

Now, the coefficients (C) of the path dia-
gram are simply the b’ 7 elements of the
foregoing equation. Thus, for numbers of
bird species with untransformed data, and
using 0" calculated above and 7 from Table
2

)

C],»p = b’p Ypp — 0.668
Cprs = b'13 7513 = 0.142
Cppa=1-Cpp+ Cprs = 0.190

Contribution coefficients for number of
plant species with untransformed and log
transformed data are calculated similarly.

DiscussioN AND CONCLUSIONS

Statistical analysis supports a scheme to
explain numbers of land bird species occur-
ring during the breeding season on the is-
lands off the coast of southern California
and northwestern Baja California that
involves a number of interacting varia-
bles. About 67% of the variation in num-
bers of bird species is explained by varia-
tion in the numbers of native plant species.
An additional 14% of the variation is ac-
counted for by isolation as measured by
average inter-island distance, including in
the average, distance to the nearest main-
land point. The remaining 19% is attribut-
able to unknown factors. In turn, 58% of
the variation in numbers of plant species
is explained by island area, 25% by latitude,
and 17% by unknown factors. With log
transformed data area contributes 68%,
latitude contributes 15%, and unknown fac-
tors contribute 17% to variation in log P.
Area by itself, in simple regressions, is a
relatively poor predictor of bird species
diversity, accounting for only 33% and
41% of the variation in numbers with un-
transformed and log transformed data,
respectively.

The relationship between numbers of bird
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ber. Compounding this, more isolated is-
lands would also have a lower immigration
rate of individuals of existing species, thus
increasing the likelihood of extinction with
small populations.

An isolation effect is particularly likely
when we are dealing with resident and often
strictly sedentary species, as many of the
birds in this region are. Johnson (1972)
has pointed out that certain species with
low vagility are conspicuously absent from
the California Islands even though seem-
ingly suitable habitat is frequently avail-
able. Notably the Screech Owl (Otus asio),
Nuttall’s Woodpecker (Dendrocopos nut-
tallii), Wrentit (Chamaea fasciata), Plain
Titmouse (Parus inornatus), California
Thrasher (Toxostoma redivivum), and
Brown Towhee (Pipilo fuscus) do not occur
on the islands north of Los Coronados al-
though common on the adjacent mainland.
Diamond (1969) in a study of turnover on
Los Coronados and the northern islands has
discounted the importance of distance from
the mainland in colonizations by birds in
this region. However as Johnson has I be-
lieve correctly indicated, Diamond may not
have considered the low vagility of many
California species. Furthermore, distance
from the mainland as in Diamond’s study
bears little on degree of isolation as I have
measured it here; the correlation coefficient
between /7 and /3 is near zero. Thus isola-
tion may be an important factor while sim-
ple distance to the mainland is not.

Variation in island area by itself accounts
for a significant but only a small portion
of the variation in numbers of bird species.
In combination with numbers of plant spe-
cies and isolation, area is insignificant. In
fact, as the path diagram shows, the only
influence of area is indirectly through its
accounting of numbers of plant species.
However, as Greenslade (1968), MacArthur
and Wilson (1967) and others have pointed
out, as area is decreased there must come
a point at which population sizes are so
small that extinction rates are increased,
and consequently equilibrium numbers of
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species are smaller. In general this is right,
but it does not mean that these conditions
are actually met in all archipelagos. Hamil-
ton and Rubinoff (1967), for example,
failed to find an area effect in the Gala-
pagos Archipelago. The results of the
present study strongly suggest that island
area has an indirect, but not a direct, effect
on bird species diversity in the California
Islands. This view is supported by the data
in Diamond (1969) which for the islands
from Los Coronados northward show no
relationship between island size and extinc-
tion rate. Perhaps only for the very small-
est islands such as Todos Santos, San Mar-
tin, and San Ger6nimo would populations
be so small that extinction rate is elevated.
But, even if this is true these three islands
are so close to the mainland that replace-
ment rates must be high.

The results for plant species diversity in
the present study generally agree with those
of Johnson et al. (1968) in a study that
included the California Islands and South
Farallon and Afio Nuevo islands farther
north. Log transformed models explain
more variation in numbers than do untrans-
formed data, although in the present study
differences were slight. One of the major
differences between my study and that of
Johnson et al. is the inclusion in his results
of 71, distance to the mainland, as a signifi-
cant predictor of plant species diversity.
Johnson employed a step-wise regression
with numbers of native plant species for 14
islands (the island groups of Anacapa, Los
Coronados, Todos Santos, and San Benito
were excluded) and found significant par-
tial regression coefficients with area, lati-
tude, and distance to the mainland.

The larger islands in the California group
clearly support a larger number of plant
species than do the smaller islands. This
may be due to the fact that larger islands
provide larger targets for propagules and a
greater diversity of sites for plant growth.
Furthermore, the rate of extinction is prob-
ably higher on small islands. To a lesser
degree latitude is an important factor, and
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the significant inverse relationship with
latitude can be explained in terms of cli-
mate. The more northerly islands receive
a higher annual rainfall and the southern
islands are more arid (Johnson et al., 1968).
Thus, independent of island area, numbers
of plant species are greater where rainfall
is greater and are less where rainfall is
reduced.

It has been aptly pointed out by Mac-
Arthur and Wilson (1967) that ecological
(including biogeographical) theories are,
like islands, stepping stones. Assessment of
presumed causal pathways among faunistic
and floristic diversity and a variety of en-
vironmental and geographic factors such
as discussed here and as diagrammed in
Figure 2, is a necessary refinement and a
good step or two from the simple species-
area relationships of earlier studies. We are
still some distance though from a quantita-
tive statement of the real relationships.
Some obvious refinements would be to con-
sider numbers of individuals as well as
numbers of species and measure diversity
in terms that take into account variation
in both (e.g., information theory measures
of diversity). Another aspect is to consider
habitat diversity in terms that are ecologi-
cally more meaningful. For example, size,
number and physical complexity of plant
associations might have been more appro-
priate than plant species numbers in the
present study, and would have been em-
ployed had the data been available. And,
measures of isolation which are usually
geographic distances or derivatives of dis-
tances may profitably incorporate wind and
ocean currents and factors that affect dis-
persal. Mean wind velocity, for example,
varies considerably among the northern is-
lands. On San Nicholas, San Miguel, and
Santa Rosa, nearly constant, high winds
would have limiting effects on birds and
plants and would tend to reduce certain
dispersal or island-hopping patterns. Simi-
larly, we may ask, should distance to a
continent be weighted to take into account
the fact that continents tend to be faunisti-
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cally more rich than islands? And are not
some source islands a richer source of
colonizers than are others? What should
the weighting factors be? And so on. It
very quickly becomes clear that there is a
continuing need for basic, descriptive pa-
pers on island biology, hopefully in numeri-
cal superiority to the synthetic and theo-
retical studies which must be based on
solid data.

SuMMARY

A model in the form of a path diagram
is presented that attempts to explain sta-
tistically the numbers of land bird species
breeding on the islands off the coast of
southern California and northwestern Baja
California, Mexico. Interrelationships
among selected variables are investigated
by step-wise multiple regression analysis.

With the present scheme numbers of
bird species is largely accounted for by
numbers of native plant species (67%).
Secondarily, the degree of isolation, as mea-
sured by average inter-island distance (in-
cluding in the average the distance to the
nearest mainland point), and unknown
factors account for the residual variation in
numbers (14% and 19%, respectively). In
turn, numbers of plant species is explained
largely by island area (58% with untrans-
formed data and 69% with log transformed
data). Latitude also explains independently
a significant portion of residual variation
in plant species numbers (25% with un-
transformed data and 15% with log trans-
formed data). The remaining variation is
accounted for by unknown factors (17%).
Island area is a relatively poor predictor of
bird species diversity.

In terms of causal pathways, the present
study indicates that coastal islands with
floras that are more rich and possibly struc-
turally more complex tend to support a
larger avifauna. Furthermore, islands that
are more isolated tend to have a lower
equilibrial species number, which in accord
with the equilibrium theory is due to re-
duced immigration rates and increased ex-
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tinction rates. In addition, larger islands
support a greater number of plant species,
presumably because they provide a larger
target for propagules, a greater diversity of
sites for plant growth, and with larger pop-
ulations have lowered extinction rates. In-
dependent of area, a latitude effect suggests
a relationship such that numbers of plant
species increase with rainfall along the
coast.
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APPENDIX

Land bird species breeding on the California Islands, excluding large raptors and recently introduced
species. Data from Grinnell ( 1928), Grinnell and Miller (1944) and Howell and Cade (1954).

Island Number®

Species 1 2v 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Falco sparverius X X X X X X X X X X X X X
Lophortyx californicus X
Zenaidura macroura X x X X
Tyto alba X X = X X X X
Speotyto cunicularia X 'y X X X' » T X X x ¥ x©» x'=x
Asio otus X X
Chordeiles acutipennis X
Aéronautes saxatalis X X .,X, . X X X X X X X X
Calypte costae X X X
Calypte anna X% % X X
Selasphorus sasin XX X o SIS SN, TR ¢ X X
Megaceryle alcyon b <
Colaptes cafer X x X > <
Melanerpes formicivorus X
Myiarchus cinerascens X
Sayornis nigricans X X X X b < l
Sayornis saya X j
Empidonax difficilis X o x b S < |
Eremophila alpestris X vXe @ R XX X ‘
Hirundo rustica X X X X X X
Aphelocoma coerulescens p <
Corvus corax X X X X X X X X X X X X X X X
Psaltriparus minimus X X
Sitta canadensis X X
Thryomanes bewickii X =X X > X X
Salpinctes obsoletus X /. X X X X X % X X X X, X . X
Mimus polyglottos % 'x X X X
Regulus calendula x
Lanius ludovicianus ' x 'x XX
Vireo huttoni > s ¢ X
Vermivora celata Xl Xy X X X, XX pax ix
Geothlypis trichas x
Sturnella neglecta X ¥ X' X ¥ X X X
Icterus cucullatus X X
Carpodacus mexicanus X X X X X X X X X X X X X
Spinus psaltria Xl X X
Spinus lawrencia X X
Pipilo erythrophthalmus X X x X X
Passerculus sandwichensis X X
Chondestes grammacus X
Aimophila ruficeps X x b of X
Amphispiza bilineata X X
Amphispiza belli x X X
Spizella passerina X ox X
Melospiza melodia > L SR ¢ X > S <

“In order, island names are: 1, San Miguel; 2, Santa Rosa; 3, Santa Cruz; 4, Anacapa; 5, San
Nicholas; 6, Santa Barbara; 7, Santa Catalina; 8, San Clemente; 9, Los Coronados; 10, Todos Santos;
11, San Martin; 12, San Ger6nimo; 13, Guadalupe; 14, San Benito; 15, Cedros; and 16, Natividad.

* Sight records of Aimophila ruficeps and Amphispiza belli on Santa Rosa Island have been discredited
(Miller 1951: 119).

¢ Not reported since 1863 (Grinnell and Miller 1944: 497).



